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Motivation

Colagrossi et al., Journal of Computational Physics 191 (2003)
Martin et al., Ultrasound-induced granular flows: a two-time scale model, 
J. Fluid Mech. (2025)

Wei Wang et al., Protein folding simulations: From 
coarse-grained model to all-atom model, IUPMB. (2009)
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Particle simulations need HPC

But energy consumption is a growing concern!
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Source: Top500 list, Released June 2026

Energy consumption of supercomputers
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Pieces of the puzzle
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It has already been shown that Dynamic Algorithm Selection for runtime 
performance can help is reducing overall simulation runtime1 (and consequently 
energy)....

1Newcome et al., Algorithm Selection in Short-Range Molecular Dynamics Simulations, 2025

https://arxiv.org/pdf/2505.03438
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It has already been shown that Dynamic Algorithm Selection for runtime 
performance can help is reducing overall simulation runtime1 (and consequently 
energy)....

1Newcome et al., Algorithm Selection in Short-Range Molecular Dynamics Simulations, 2025

Research Question

Can Algorithm Selection for minimum energy give additional 
energy savings?

https://arxiv.org/pdf/2505.03438
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Energy Measurements on CPUs

● Running Average Power Limit (RAPL)

● Larger error at short intervals (eg. Filtered RAPL in Intel h/w)

● RAPL counters update ~ 1 ms
○ Individual kernels can be quite short

○ Needs a mechanism to adjust the interval

Alt et al., An Experimental Setup to Evaluate RAPL Energy Counters for Heterogeneous Memory, 2025
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Research Question(s)

Can Algorithm Selection for minimum energy give additional 
energy savings?

Can we replace runtime as a metric with energy and still 
obtain reliable results?



Chair of Scientific Computing in Computer Science
School of Computation, Information and Technology
Technical University of Munich

Manish Kumar Mishra M.Sc. | EESP Workshop| ISC High Performance 2026 

1Newcome et al., Algorithm Selection in Short-Range Molecular Dynamics Simulations, 2025

Heating Sphere

https://arxiv.org/pdf/2505.03438
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Heating Sphere
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Heating Sphere

Potentially higher selection overhead 
in trialing sub-optimal configs because 
we need more samples!
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Dynamic Voltage Frequency Scaling
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Dynamic Voltage Frequency Scaling

DVFS can lead to different 
optimal ACs for runtime or 
energy!
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Equilibration Scenario
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Shared-Memory Parallelism
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Shared-Memory Parallelism

C04:
● Dynamic assignment of cell blocks 

to threads
● Better load balancing
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Shared-Memory Parallelism

C04:
● Dynamic assignment of cell blocks 

to threads
● Better load balancing

Sliced:
● Static assignment of cell blocks 

to threads
● Better memory access pattern
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Results
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Results
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~6%
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Results
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VTune
Analysis 

C04 shows higher 
DRAM b/w and 
average CPU 
frequency…
But lower spin time
… compared to 
Sliced. 
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Results

~0.5%

~6%

VTune
Analysis 

C04 shows higher 
DRAM b/w and 
average CPU 
frequency…
But lower spin time
… compared to 
Sliced. 

Looking at runtime-only metrics is not sufficient from 

an energy efficiency point of view.
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Results

~0.5%

~6%

Sliced always 
better…
But C04 is selected 
sometimes when 
selecting for 
runtime… leading to 
extra energy 
consumption.
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Results

~0.5%

~6%

Sliced always 
better…
But C04 is selected 
sometimes when 
selecting for 
runtime… leading to 
extra energy 
consumption.

While selecting for time works well most of the time, selecting 

for energy is more robust metric for energy efficiency.
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Summary

● Algorithm Selection can provide improvement in runtime and energy 

performance.

● Despite challenges in fine-grained energy measurement, Algorithm Selection for 

minimum energy can find optimal ACs. 

● In most cases, selecting or tuning for runtime is sufficient.

● However, looking at algorithm selection strategies targeting minimum energy 

consumption can in some cases reveal additional savings.
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Thank you!
Any questions?
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Backup Slides

51
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Short Range Particle Simulations

52
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Things to keep in mind

Syncing energy measurement with RAPL 
counter update

→ but overhead for repeated 
measurements.

53

Haehnel et al., Measuring Energy Consumption for Short Code Paths Using RAPL, 2012
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The Zoo

54

Other parameters: 

● Stencils, c04, c08, c18…
● AoS vs SoA, 
● Cell-size-factor, 
● Newton 3 opt., etc.



Chair of Scientific Computing in Computer Science
School of Computation, Information and Technology
Technical University of Munich

Manish Kumar Mishra M.Sc. | EESP Workshop| ISC High Performance 2026 

Simulators that use AutoPas

● Ls1-MarDyn1

● LADDS3 - Large-Scale Deterministic Debris Simulation (TUM-ESA collab)

● MD-Flexible, our inhouse Molecular Dynamics Simulator

● LAMMPS with AutoPas2 (experimental)

1https://github.com/ls1mardyn/ls1-mardyn
2https://github.com/AutoPas/lammps-autopas
3https://github.com/esa/LADDS

55

LADDS

https://github.com/ls1mardyn/ls1-mardyn
https://github.com/AutoPas/lammps-autopas
https://github.com/esa/LADDS
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AutoPas features in ls1-MarDyn

● ls1-MarDyn:

○ Particles/Molecules classes, Linked Cells based container, used in chemical engineering

○ MPI + OpenMP hybrid parallelization

○ 20 trillion particle MD simulation on entire set of 9216 nodes of SuperMUC (Phase 1)1

● ls1-MarDyn modified  to make use of AutoPas features including tuning for 

minimum energy

1Tchipev et al., TweTriS: Twenty trillion-atom simulation, 2019
56

https://journals.sagepub.com/doi/10.1177/1094342018819741
https://www.sciencedirect.com/science/article/pii/S1364032123008778
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Frequency Scaling

57

Compute bound: Memory bound:
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Frequency Scaling in practice

58

Antici et al., MCBound: An Online Framework to Characterize and Classify Memory/Compute-bound HPC Jobs, 2024
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